I
N the fabrication of high temperature superconducting quantum interference devices (SQUIDs) on (YBCO) thin films, some different fabrication technologies have been used for realization of different types of SQUIDs for needed applications [1] - [3] . For high-DC-SQUIDs, fabricating bicrystal junctions by the epitaxial growth of YBCO thin film on bicrystal substrates (i.e., ), is relatively the best choice among the other techniques (i.e., step-edge, ramp-edge, SNS, etc.) because of the exhibition of high reproducibility and consistent characteristics of the bicrystal junctions [4] . In bicrystal technology, there have been relatively many limiting factors for designing the SQUIDs in different geometries and fabricating them onto different places of thin films. For eliminating some unwanted effects coming from the grain boundary of the bicrystal substrates, many improvements have been reported related with the improvement of thin film quality along the grain boundary [5] - [7] . Particularly on different substrates, obtaining similar Josephson junctions for bicrystal DC-SQUIDs are still depend on the fabrication process and film-grain boundary structure.
In our study, we used multi-SQUID configuration to investigate the selectivity option of an individual SQUIDs to reduce some limitations caused by the variation of thin film and junction properties coming from the fabrication process and grain boundary of the substrate. This configuration, in which the DC-SQUIDs are connected to the same pick-up loop and lying on the grain boundary with different characteristics, allows us to select the best proper SQUID in terms of noise and output signal values rather than the multichannel operations.
II. EXPERIMENTAL RESULTS AND DISCUSSION
We prepared 200 nm thick (YBCO) thin films by dc inverted cylindrical magnetron sputtering (ICMS) system on 24-degree bicrystal (STO) substrates (purchased from MaTecK GmbH-Juelich). The growth process was optimized with respect to deposition parameters. We controlled the film growth parameters by modifying the target surface and plasma conditions as well as the deposition rate. Resulting films have good quality with respect to its structural and electrical properties (i.e., highly c-axis oriented, 4-5 nm surface roughness and 91 K with 1 K transition sharpness) as needed for good quality Josephson junctions and DC-SQUIDs.
YBCO thin films were patterned by standard photolitography and chemical etching. The device layouts were prepared as single SQUID and array-like multi-SQUID configuration of directly coupled magnetometer design as shown in Fig. 1(a) . The outer dimensions of magnetometers were chosen as 9 mm 9 mm leaving narrow edges of 10 mm 10 mm STO substrates to decrease the edge effects and increase the effective area of the pick-up loop.
A square hole placed at the center of the pick-up loop having one edge of 3 mm I-V characteristics of individual DC-SQUIDs were measured by low noise electronics having integrated current source. Critical currents of the junctions, determined at 77 K, varied from 8 to 40 as shown in Fig. 2 . Here, the difference in values are caused by the effect of etching process and placement of the junctions onto the grain boundary line.
The individual SQUID signals are shown in Fig. 3 . V-measurements were made by FLL electronics inside the -metal shield and the SQUIDs were modulated by on-chip integrated coil. Peak-to-peak voltage modulations of SQUIDs are in the range of 75-100 with 4 times amplification by readout electronics. Here SQUID-4, described as solid line, has largest as well as critical current value. Flux noise spectrums of the individual SQUIDs were analysed by high frequency spectrum analyser and results are shown in Fig. 4 . Because of the limitation of spectrum analyser used in this study, low noise spectrums below 40 Hz are not shown here.
As seen from Fig. 4 , SQUID-4 shows the lowest white noise level compared to others. Here SQUID-1, which with the lowest critical current and , has maximum white noise value among the other SQUIDs.
There were some noise contributions to the flux noise scheme at 300 Hz and around 1 KHz even in the two-layer mu-metal shield. These noises are coming up from the measurement environment and spectrum analyser itself but the mains noises were filtered by using the preamplifier's high-pass filter.
Bias current dependence of the signals were determined either for single DC-SQUID and individual device in multi-SQUID as shown in Fig. 5 .
The of single SQUID shows characteristic bias current dependence; however, there is a second peak for an individual device in multi-SQUID. This second peak can be caused by inductive coupling and crosstalk of other SQUIDs. This behavior is under investigation for further research and reports.
We selected SQUID-4 from the multi-SQUID configuration for sensing the magnetic field of a Cu wire having 0.1 mm diameter, lying 1 cm below the device, by applying 1 kHz and different peak-to-peak ac voltages to the wire.
Resulting generated magnetic fields values and SQUID response to these fields coming from the wire are shown in the Fig. 6 . Just above 0.1 , SQUID becomes sensitive to the wire and above 2.0 the SQUID signal driven by the feedback coil are suppressed by the wire signal as seen from the graph. SQUID-4, described as solid line in the figures, has the most proper junctions among the others in multi-SQUID configuration by means of its relatively high value, high output signal and low white noise value. Therefore, in an array-like multi-device configuration, these SQUIDs can be easily chosen for proper application with required properties.
III. CONCLUSION
In this multi-SQUID configuration, the SQUIDs were characterized individually and compared with each other depending on the differences in characteristics. The use of such configuration is related to the selection of the best proper junctions for SQUID rather than multichannel operation. Selection of the best junction compared to each other depending on the junction critical currents, SQUID voltage modulation and noise levels caused by the fabrication process and placements of the junctions on the grain boundary enable having a reduced noise level of the DC-SQUID. In this study, chemically etched 4 width junctions showed different characteristics in the SQUIDs placed on single chip and one of them was chosen as having the best results for SQUID output and field sensitivity. By this method, any SQUID in the array-like configuration can be selected for using them in different applications depending on the needed device properties.
